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zl ^l^^ofl ^tb 7- *U3o_5. Nb+Sn ^7>^=ol 0.35-1.0 91 

Zr-aNb-bSn-cFe-dCr-eCu(a=0.05~0.4 b=0.3~0.7 c=0. 1-0.4 ^^=%, d=0 

~0.2 ^ e=0.01~0.2 #^%)^ ^ ^= ^ S^-i: ^ 

-g-^^H £-i<£, ^V"^, €7^, ^ aif^eJ* 

£ 6 

mo) oj] 
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{Nuclear fuel cladding tube of zirconium alloys having excellent corrosion resistanc 
and mechanical properties and process for manufacturing thereof} 

[51^ -Ml 

£ la^r 1^ l*r ^ ^ D H1 , 

£ lb^r 1^1 2*} ^ 

£ Ictt 1^1 3*} ^ ^^el v]M]2iZ\-i M-^\H SH^-. 

£ 2a^r 1^ -g-^o]^. * 3 ni^oH, 

£ 2b£r is] ^ M-E}^ ^Jolrf. 

3E. 3^ 1 ^ ^tHB" 18*1 ^7^# ufBj-VH 3M^, 

£ 4£r Nb Si ^7}^S] igsHl af^ JMI^HS* M-^vfl 5)o]^ ; 

51 5^r Sn S] ^7}^ ^^-ofl 4=- w-ai^^- q-Ef^l 

H 6-8r Nb+Sn S] %7}t$2] i^SH *r€- M^S* M-EfNH 

£ 7-£- Fe, Cu £ Cr S] ^HfsJ £sH itj-s ^vfl ^o]c|-. 
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zl ^lS^^^l ^ ^ T^flaJ £.3. Nb+Sn ^7>^=o] 0.35-1.0 91 

Zr-aNb-bSn-cFe-dCr-eCu(a=0.05~0.4 b=0.3~0.7 c=0. 1-0.4 #^=%, d=0 

-0.2 ^ e=0.01~0.2 ^%)^ i^-g. ^ *1 s.=i^- ^ ^ ^- 7 | ^ o. ^ 

-§-*fl*H £-4i<3, ^7^, f^>1^e) ^ ^^l^sll- 



^5.5. ^ %-9l 7}<&^^3-(PM, Pressurized Water Reactor) ^ w]-§^^(BWR, 

Boiling Water Reactor) €7 r 3.<HH ^3 -g--§-£H 7flt€ 

^- Sn, Fe, Cr ^ Nil- if-^ *l^*}-3ol-2(Zircaloy-2, Sn 1.20-1.70 

Fe 0.07-0.20 #^%, Cr 0.05-1.15 Ni 0.03-0.08 #^%, 0 900-1500 

ppm, Zr *Hf) ^ ^]^^S.^-4(Zircaloy-4, Sn 1.20-1.70 Fe 0.18-0.24 

#^%, Cr 0.07-1.13 #^%, 0 900-1500 ppm, Ni <0.007 Zr ^) 7}^ 

^ A>-g-5]j7 014. 

ZLE-iq- Ijelu ^7>^.^ ^^1^ «J*0.3. ^71*1 :g#-g- $J*>o| 
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JL<£±S. ^<£3-7\ JLS\5)JL $Z^C-fl, 7}^9\ ^1=^^01-2 ^ *\ S.QSL.o]-** 

ofl M-^ ^fe Sn -°r ^Tfi ^7>^>Jl Nb -°r ^71-5. ^7H?M xfl^^ ^7>2f o]^- 

^>^4. ^l^-^-H- 71 TflaJ ^ 7 >£l^ ^-^^ o^ofl 

Uj-SH ufl^ 3711 £*>7fl TflS^H nJ-BM ^ ^«>^ol 3711 2j-f5j 

<i4> ^efl N b ^ Sn°] ^7>^ ^1 ^ tj}«g.g. ^ zl *flS« 0 Vl 3-° v)^^ 

^ *)16,125,161JL°1H^ Sn 0.2-0.7 ^^%, Fe 0.18-0.6 Cr 0.07-0.4 

Nb 0.05-1.0 N <60 ppm, Zr &^S. ^ ^ Sn 0.2-0.7 ^%=%, Fe 0.18 

-0.6 Cr 0.07-0.4 Nb 0.05-1.0 Ta 0.01-0.1 N <60 

ppm, Zr *MfS ^€ ^"#3 afla^-i- <a^^ #7l Ta °1 ^7>£) 

*1 ^ t^°fl tfl^H ^^(accumulated anneal ing parameter , 2A)# ^7 r £)^ 

Nb 21 0.5 ^^%# 7l^o_S cl-STil iicf. ^, 0.05 #^%<Nb<0.5 

"Att -20<logSAi<-15 ^ -18-10X Nb <logSAi<-15-3.75(X Nb -0.2)S *H*Hj}JL & 
JL, Nb>0.5 ^%<H nfl^r -20<logSA i <-18-2(X Nb -0. 5)S ^l^JL 5^4. 

<15> nl^-s-si ^15,838,75351011^1^ Nb 0.5-3.25 Sn 0.3-1.8 ^^=%# i#tr 
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n>a^iA>olE (martens ite) x}5=L3.^ ^*>7l ^«fl 950 1C 

oflA^ a + 0 ^*Hr 600 TC ol«HH ^ 

^ ^BflS (hollow billet)* 590 t °1*HM 1*133: * 

^Tl^(pilgering)^- ##^3 (anneal ing)«- ^r3)«H ^ 3-^^-8: *fl2:*Rr ^ 
* i^-*>Jl °H, 590 t:°lM ^# I^B^Kn, 7} x] =4* ifl £-Nb 2# ^# 

#* «M ^ ^^H^l ^-iA]^ ^ 2:A>^(fluence)^ HJ-*>2:A}#3 ofl 

A-l ^^^-S- ^Al?laL^> S}^. ^tb, 250 TC °l?>r?r*l 

^z^r^* 300 K/sec ^M^SLfi.* 3 ! , A 2^9] ^3.7}^ 80 nmJL ^IMil 

ojcj-. o] s-^oflA^ Si 150 ppm °)*\, C 50-200 ppm ^ 0 400-1000 ppm^l ^7>S. ^ 
7m 2#S) 3.711- 60 nmS. ^H^tf. 

<16> -fi-^^-^ ^]0 198 570 BlJl^l^i^ Nb 1.0-2.5 ^7}S\JL Cu, Fe, Mo, Ni , W, 

V, Cr -f-^ ^13^ Q^7\ ^5 3^- f^^S, ?f-v\] 1 mm °]^r^l 

^-7fl# °>^fe *l|a*3H ^^r^ 9X^. /3-±<$(0 -quenching) °1 £^S]ZL, 

^ 650 1C°1M <g-#*M ^-±1^1 (tube shell)* *H2tt ^ *r *r3l^ 
^ 650 °C <>1*MM 1*i3« ^SrSt*}. W 1*13^ 600 °C °1*HH 4^*} 

^ o_o} Nb-i- f-fr^ ^##£1 3.711- 80 nm ■fr^l^'H ^^*»fl ^-5Ls>£^- s r 

^cf. o) ^oflA^ Nb •?> 1-2.5 f$% |7}^ ^Wife -f 1*13 

1- 500-600 °C 5. ^Al^o.^, «>^-3}^7flfe 524 T^H 7.5^^}- ^Al^jl, ^ 

500 °CS -gAl^sao.^, w>^-2]^7fl^ 427 °C°1H 4*1 # ^a]^ ^ 
S>JL &tf. atb, ^ 850-1050 °C^1^ £ 1*13 ^^Rr 

*>3. Sfttf. 

30-8 



1020010024582 2001/6/1 

<i7> 5, 230,758:5^1^ Nb 0.5-2.0 f^ft, Sn 0.7-1.5 Fe 0.07- 

0.14 f^ft, Cr 0.025-0.08 f^ft, Cr-Ni 321 ppm o}*}, Cr £fe Ni ^ 
0.03-0.14 ^%=%, Fe+Cr+Ni 0.12 f^ft C 220 ppm °)-s}£- ^€ ^l-M^ ^g- 

S}JL 5£t}. ^^e) 645-704 V<>]JL, *3 2^7fl ^ofl $ ^ 

<is> ^-71 ^^7l#oflA^ <£ ^ $1^ w>2j- ; ^efl Nb ^ Sn* If^i *1 = 

5cLt? &<>H, ^7>^^Sl #^-S} ^3}-Al7l7ll4, 7>^-2:^3f S^i* 

J17> <3^* 7\}^*\3- 

<19> olofl ^ t^l-S-^ ^ 7^*J-^ ^ 7l 7}13 ^H3°l -f^tt 7fl^> 

71 ^*fl i^tb ^4, Nb+Sn * 0.35-1.0 ^%=ft S ^7}^ ^ Fe, Cu ^ Cr * ^7>tb 

^ ^ ZL ^tiJ-^-g- 7fl ^5.3*1, tfl^ g 7^1^ ^§-fr ^Al^ ^ 

<20> M}-tgo} -s-^^ Nb 0.05-0.40 Sn 0.3-0.7 ft, Fe 0.1-0.4 f^ft, 

Cu 0.01-0.2 Si 80-120 ppm, 0 600-1400 ppm ^ ^ Zr(#, Nb+Sn 0.35-1.0 
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<2i> at!-, ^3 ^"71 xlSiSfc- ^-g- *fl2^Rr ^ofl 5£<>H, 

<22> Ai- 7 i s ^ ^ ^^-1-^ -g-*fl<5}^ ingot)* 3l^Hr #3](#3l 1); 

<23> ^-7] ^3)1- £<3«HH #2:( forging)*}^ #31 (#31 2); 

<24> -g-*)l3j- ^ ^^1^1^ jS-i^C/S -quenching) #31 (#31 3); 

<25> ^s}^- , l# < a-#(hot -extrusion) #3l(#3l 4); 

<26> 3-5 3W ^^(pilgering)^ ^7^ *\o]d\) ^i]^ ## ^^iM 

(intermediate vacuum annealing)* #4 ^l^Kr #31 (#31 5); ^ 

<27> ^^eKfinal annealing)^ #31 (#31 6)5. ^^tt 3lS« 0 v ^# 31^ 

^ ^°H3-. 

<28> ^71 ^«r7l ^*H, 

<29> ty-Tgsj Nb 0.05-0.40 Sn 0.3-0.7 ft, Fe 0.1-0.4 ^^%, 

Cu 0.01-0.2 f^ft, Si 80-120 ppm, 0 600-1400 ppm ^ ^ Zr(#, Nb+Sn 0.35-1.0 
#^=%)^ 5Hr 3^ ^* 3l^trcf. 

<30> S-^-g- ^"71 XlH^-fe- 312:^ *o Vl ?Hl , 

<3i> <$7) s^-i- ^ ^1-8: -8-*fl*r°l ^(ingot)« 3l^Hr #31 (#31 1); 

<32> ^-71 0*8 ^H-M #3:( forging)«Hr #31 (#31 2); 

<33> ^^tr ^ 71^ £-^<y(£ -quenching) #3l(#31 3); 
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<34> <a-#s>^ ^^(hot-extrusion) #?l](#?fl 4); 

<35> 3-5 sjofl ^ ^^(pilgering)*!- A>o]ofl 

(intermediate vacuum annealing)* *}^r ^*l*Hr #31(^31 5); ^ 
<36> Si (final annealing)^ 6)5. *\}2i*&^ *fl^ 

<37> o]§> £ #Afl*l -g^tr^. 

<38> I. Xl^St ^ 

<39> ^oflA^ §>7l S lofl M-Bf^ X] S=7^- ^-i; ^T^l^H ^ ^(ingOt)* 

-g-SflS>Sm. l£ ^$^^^1, 2~6^r Nb * &$*)7]7] 

^Jolji 7~10£: Sn ^ ^7>^ ^-f o]t|.. S^, ll~13^r 

Fe 3 cl^^sj-l-, ^^g- 14-16^ Cu St\ nl^Sr* -HS^l 3°H, 

^ 17-20^: Cr o] ^ 7 }S. ^7>^ ^g-ofl cfl^ ^JAS Cr ^ ^1^^7> JL^# J±7l fltr 

<40> — 
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IS. 1] 





Nb 


Sn 


Fe 


Cr 


Cu 


Si 


0 


Zr 


1 


0. 19 


u. 4y 


C\ 9fi 




0 09 


78 


1040 


1 


2 


0.06 


0.48 






0 11 
u. 11 


99 


1205 




3 


0.11 


0.52 


0.25 




0.12 


80 


998 




4 


0.15 


0.51 


0.18 




0.07 


110 


1156 




5 


0.26 


0.54 


0.21 




0.10 


102 


980 


xl 1 


6 


0.38 


0.50 


0.24 




0.11 


95 


1245 


\JL } 


7 


0.21 


0.32 


0.22 




0.09 


104 


790 




8 


0.19 


0.43 


0.21 




0.08 


108 


899 




9 


0.22 


0.59 


0.24 




0.12 


93 


1017 




10 


0.20 


0.71 


0.22 




0.11 


97 


1317 




1 11 


0.17 0.49 


0.11 




0.09 


120 


994 




j 12 | 0.19 | 0.46 0.29 


0.07 111 


958 




j 13 | 0.22 


0.48 | 0.38 j 


0.10 j 102 


1199 




| 14 j 0.24 


0.52 | 0.20 | - j 0.02 | 89 


981 




| 15 | 0.22 


| 0.50 0.21 


0.05 92 876 




| 16 | 0.20 


[ 0.49 | 0.18 


| - | 0.22 | 107 | 1089 


| 17 | 0.22 


0.49 0.31 


0.05 | 0.01 


| 121 1202 


| 18 0.21 


0.46 0.32 


| 0.11 | 0.11 


122 


1187 | 


| 19 0.19 


] 0.47 | 0.30 


| 0.16 | 0.08 


| 100 


| 1163 | ^ 


| 20 0.21 


0.49 j 0.29 


0.21 0.10 


| 94 


1249 | 


|Zircaloy-4 


j 1.38 0.2 


0.1 1 - 




| 1400 


| ^ 



<4i> Sn £ #JE^7}- ^-0-* M-¥- #°1 

<gZ\x)5L $U°H Sn 21 ^7>^-§: 0.3-0.7 ^% UflS. ^fltb^H 

<42> Nb €- ^3*1^ 3.^5.9 IMM^jI tfl^ ^ t^^t 

jl^-7> sacfji trails, sa^. ^1, £ Nb 21 

^ 7 ^o. 0i o5~0.4 &*&%3. Sn 3hh*ll 7 ^^it ^.-**>ul Li(XH*l *fl 
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^-g- 71 51 &±A]7]3L*b *>S5l4. ^, Sn+Nb Si ^*ti %7}*&& 

<43> Fe. Cr ^ Cu fe ^#-§-8: *^M1 ^Tll 7M* r aL EL^7j-£# #7> 

a] o^-g. s>S.S tfKEA] ol^o_s $7>3°1 0 > ^^olcf. g. ^ofl/^ Fe 0.1 
-0.4 Cr 0.05-0.2 Cu 0.01-0.2 ^ ^7>^^# *fl 

STll ^7>a1^ ^ SZ^cf. zlsIM- Fe, Cr, Cu $7}*$°} #7}<>\ ^fl iL4 3-2.^ 

<44> Si fe A^-fr ^^JL #4^1 ?lfe £ ^<H1 

A-j $7}s\^ Si ^ ^fe 80-120 ppmS. afl^-SluL °H ^ Jl^-7> iH^rSJ^. 
<45> ^ife oi^- ^ a.^ ^a}-X| 71 fe ^7>s>^o.d1 j 600 ppm <>1*HM 

=L 5L3]-7> 7121 M-Bl-ul-Xl ul , 1400 ppm °1#«*IM*7 7}^S>\ ^HH^ 

cf. n^s^ ^7>Slfe ^VdiSl «i$lfe 600-1400 ppm^-S ^ltr^rS^r. 

<46> A H-£lfe Nb °1 S-IHel *1 Nb 0.05-0.40 %, Sn 0.3- 

0.7 %, Fe 0.1-0.4 %, Cu 0.01-0.20 %, Si 80-120 ppm, 0 600-1400 ppm ^ Zr ^r^- 
3. ^^fe ti>HJ-^^fr4. Nb+Sn 0.35-1.0 ^U=% ^cf. 

< 47 > se^V, Nb 0.05-0.40 %, Sn 0.3-0.7 %, Fe 0.1-0.4 %, Cr 0.05-0.20 %, Cu 0.01 

-0.20 %, Si 80-120 ppm, 0 600-1400 ppm ^ Zr #-^5. T^Slte WrlM^. 
Nb+Sn 0.35-1.0 ©14. 
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<48> h}^*}^, Nb 0.2%, Sn 0.5 %, Fe 0.2%, Cu 0.1%, Si 100 ppm, 0 1200 

ppm ^ Zr ^H 5 -, Nb 0.2%, Sn 0.5 %, Fe 0.3%, Cr 0.15%, Cu 0.1%, Si 100 ppm, 0 

1200 ppm ^ Zr ^3<H*! f$<£g. ^^Ml ^^*>4. 



<49> ii. 7le 3 ^ ^^tg-^ 

<50> ^1 ^-g-g- *fl2^Rr 

<5i> ^"71 ^#^8: -8-*fl*H ^(ingot)» *fl2*Kr #3K#3l 1); 

<52> ^>7l ^^1- /J^'M forging)*Rr #31 (#31 2); 

<53> 1015-1075 t:<*IH -§-^1^- *r«8*r ^ Vg^l^ £ ( 0 -quenching) 

#31 (#31 3); 

<54> 600-650 °C<>fl*| ^#^1-^ "^^(hot-extrusion) #3l(#3l 4); 

<55> 3-5 $\d\] 7^ ^7l^(pilgering)3f ^7]^ *}o)6\] ^tft^ ^# ^1*13 

(intermediate vacuum annealing)!- 550 - 640 °C ^^^^^l^i ^l^Rr #31 (#31 

5); ^ 

<56> 460-540 °C°\}*] ^ 3 (final anneal ing)*Rr #31 (#31 6)3. 

<57> Nb # til^rtr Sn, Fe, Cr, Cu, Si , 0 ^ ^tr -g-*fl 

(ingot melting)*}-^ ^l2*rtf. 

<58> c^] 2^r vflSl ^2*]* 3)-^ 5>7l ^ *fl #7] 1000 ~ 1200 £ <3 
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<3°1H forging)* 

<59> cj^l 3€r $ ( £ -quenchingH -H S^wM flwM 1015-1075 TC 

^ tf^^H -Ml^- l*^* *r*8tr ^ ^"^H ^ (mart ens ite) ^ ^ 

^£L^^^l(widmanstatten) ^^r. °1^ ^ tf-i^ 71*1^4* xfl *| 

##3 3.7}% $<a*V7ll ^ri^?l31 371-1- T^^l ^SfH ^r^^^^l^. 

<60> cj-Tjl 4fe #71 ^fl^L* ^eflSChollow billet)^. 7}^*r ^ ^TiSJ" 

#(hot extrusion)^H ^ ^ (pi lger ingHl 3^-?r ^#^1 (extruded shell)* 
^trCf. °}v$, wf^tr ^^^1 ^r£^ 600-650 Mji, w>^-^js>7fl^ 630 °C°) 

A. 

<6i> ^Tjl 5^ #7l l*\ ^.7]^ ^ TREX(Tube Reduced Extrusion)!- *fl^tr 4 

^^eK inter mediate vacuum annealing)* ^ ^^^Q 

TREX^ 2-4 ^7l^# *r«8*H 7}^%^. #31 3-5 3H 

^Ti^z}- ^71^ ^1^-^^ Bl (intermediate vacuum annealing)* *r 39 31 

^# 3°1 ^-^^H, ^I^Blfe 550-650 °C^^i 2-3 *1 ^ 

<62> #31 6-^ ^<3£.3)^<q ^ 71^1^ 37fl ^^M?)^ ^l*! 

&)(final vacuum annealing)* ^*8*Hr31, ^ ^~g-o|H 2^ 

^r£5l 460 - 540 t:^l ^rS^^HH ^£H<>) ^^^4 7l 7fl *1 S-Aj ol -f 

-r*>$|JL, t-^ HfU- 31^1- Tim 470-520 t^H 2 . 5^1 ^> ^°lcf. 
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<63> o]*\ -S. ^-^oj ^aH1# 40.0)! 



2001/6/1 



<66> ^7} S. H M-Bf^ ^o] , ^1 S =7^ ^oll $7}S]±r v]^ ^ 7 }^^ 

n°l-s}7] 3]-5}<q Zr-aNb-bSn-cFe-dCr-eCu( a=0.05~0.4 #^%, b=0.3~0.7 f f%, c=0.1 
-0.4 d=0-0.2 e=0.01~0.2 a+b=0. 35-1.0 f^%)5. °}^-°] 

sls>^> 1200 °C2) 0 tel- ^r^r£-2-^, CM 1050 *C<*IH -Ml 3- <l*i3 

^A>olE( martens i te ) SE^ ^ = ^«(widmanstatten) <2°i4. 
^ 630 tl^l tl^:7l-^-*>^ ^^-7>^-ofl ^^-t!: (extruded shelDl- 

^]S^>°1^. ^#^1^ 1*} ^^(pilgering)* t^^H TREXCTube Reduced Extrusion) 
m. jf ^l^<i^ell- 580-640 °C°\}*\ ^^^^Jl, °1 nfl ^3 0 5 _ 3 a] 

^-^l^^. ^ 1*13^ TREXfe 2-4 ^.7]^-ir ^ 95 mm, ^1 0.57 

nun ^o^ ^l*^ 7}^}^. A >°1^ ^1*^* 570-610 V °\}*\ 

2-3 A]?J*j ^o-j-Jl, ^1^°!^^^ 460-540 °C°lH 2-3 ^o-}<^ ^1=3. 

<67><^^ofl 1> *H2^ 1 01^2:3=101 tg^. 
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<68> ^^g- l(ltt^)^l *\}^^ % *Hl2:*|-§- W^l^ *\ 

£. 1<H1 M-^i-HS 1 }. #2000 SiC ^ p >^ HF(10 

^%) + HN03(45 + H 2 0(45 f^%)5. °11^*H ^1*}$^. 

<69> Dlz-fl^^^- ^^-^d!^^ ol^-sV«^ 1*> Sl^l^Bl* 590 V°\) 

^-!t M-EfiflJl 9X9X*±. 2*> 3*} 570 M 

4l#(elongation)£: 1*> ^ ^l^^ ^ v]M]2i^S-^ #^?>}JL 

$XW. ^HHH ^ ^l^el* 550-640 °C ^r£^^5. ^ 

590 °C<HH ^^el* ffl-f M ^ 71313 ^Bfifl^ 

<70><^^<^1 2> 3* ^HlS^l *jr# 

^o]^- <g^s} ^7d<$] 470 °CSf xfl^ S?d°] 520 °C°lH 2.5 *r^l*M #7) 

< 72 > £ 2^r ^-7) ^ *MlS*l# M-Bl-^ ¥ 22! 2^ 

3:^1^ M-B)-tfljl $X9X^ °1 (470-520 °CHH ^ ^^el* ^^-§- 
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<73> <^d\) 3> -V-^a]^ 

<74> #7} ^AHloflAi >g^^-# 1-202} Jf^ ^^-i: 0 ^>^.7l ^Sfl, 360 TC (18.9 

MPa)^ #, 400 TCC10.3 MPa) ^#7l «J 360 70 ppm LiOH 37>*1 

S*HH 450^ ^91 Jf^l^-i- &4 ^ ^flfe ^ 7}?sM 

^S£-§- ^SMl *}7) #1200 SiC «3*r*l3. <S*>*K2, ^ 

HF(5 f^%) + HN0 3 (45 ^%) + H 2 0(50 $\ W-g-^H ^l*r£4. JM^^Md 

2] 3g 7 >^ ( autoclave HH ^713-2.3. *|ifl<H ^f^Hl nMl^j- 

<75> £ 3^1-*m -M^^ 1 ^ 18^1 cfltb JMUHl tcHg- ^ 

7i-g--g- M-B|-\fl ^o]cf. tiling 5} ^1 3X1^32)- B]M^r nfl 1^ ^^j^" 

# 18£r -f^rtr ^^cf. ^-*1, 70 ppm LiOH^l^ -& ifl<^ 

^ HlJ2ofl^ ^5^3.01-4^1 «1«H "fl-f -r-^tb M-Hl-iflSi^, 3^ ^ 

511- 460-540 °C £r5L^3HH ^1^21 ifl^^r 14 -f^s>^^ 450 ^ JjLA] 

*1*| ^ ^r^il-^r «1 51^1^1 ^l^^Sol-4ofl «1*H 51 1/3 #d^r°<l 7-10 

<76> £ 4*lH£r ^7>Sl*r ^.S. ^g-^<?] Nb^l £3H1 360 °C #°1H 450^ 

X\ig M-^l-HH 51^5-, Zr-aNb-0.5Sn-0.2Fe-0.lCu-0.0lSi -0.120 nMl 

#7HM a|^7> Nb ^1 t^-cr 0.05-0.4 ^^l^JL, 3. ^ ^ °14MH 

^-7fl^7>^ ^7}f>}<&^. -& ^oflx-1 NbSl ^7}^-§- 0.05-0.4 

^7}*Rr 7># -f-T* *fl^* H-El-vfl&tr. 
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<77> £ 5^ Zr-0.2Nb-bSn-0.2Fe-0.lCu-0.01Si -0.120 ^-#°1H ^7 r £]^ Sn 2) *j-^-g- 

^Sj-A]^ 360 1C 70 ppm LiOH ^-§-°->MH ^-^a]^^ 450 <H -^^H^ ^ 

^ofl 4s. AVaVsl ^f^7l-^# i+Ej-Sfi ^o.s.Ai, 360 °C *4Hfe Sn ^ ^7>^o] ^ 7 \^\ 
£ vfl^^r #4i*rSiM-, 360 V, LiOlH^ Sn ^ ^7}^o] ^7>^ ^7>s> 
£4. 1- £37HHfe Sn °1 0.7 ^% ^ 7>sH °> -f^tr ^fl^^* ^fl^r 

^, LiOH ^ ^7loflA^ Sn °1 a^*V 0.3 ^-fr*flo) ifl^^o] -f^*>^ 

cf. of^i Zr-0.2Nb-bSn-0.2Fe-0.lCu-0.01Si -0.120 = £ 

i= vfl>]^# ^>7l Sn ^7>^^# 0.3-0.7 3. 

A. 

<78> £ 6^1^ Nb+Sn ^ ^7>%=o] ifl^ofl n)*l^ 03^- iL^^JI $Hr31 ^ 

^■fi- ^"71 ^sflAi^ ^ i.o ^% ol6r«a «fl^cf. n&IS-S. 

Zr-aNb-bSn-0.2Fe-0.1Cu-0.01Si-0.120 -<Hr*r *1*IH*r Nb 

0.05-0.4 Sn ^ 0.3-0.7 °H°> ^ , a r ig-3]zj>7fl^r Nb+Sn ^ 0.35 

-1.0 ol<^o> ^rf. Nb °1 0.2 ^lul, Sn °1 0.5 nfl w]j5L°fl ^ 

s ^ol- 4 oil w)*\<q 360 r #<HH vfl^^r 2tifl ^7>*>5|tf. 

<79> £ 7-^ Fe, Cu, Cr %7}^ nfl ^S-^o] <^^-g- uj-E^-^ ^ 

ilS., Fe ^ 0.1-0.4 ^% *£#3- |7>1 nfl tfl^ofl ^ <^o. u]^jL t Cu ^ Cr 
€- 0.01-0.2 ^*&% ^ 0.05-0.2 ^SHH -f^tb q-Efifl^cf. # 

, Fe+Cu+Cr ^7>^ £|tfl 0.8 ^^0.5. afl^SH IMM^l *r 
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<80> <^^c^l 4> oi^Alig 

<81> $-7] ^}cAM fil^H ^o>a.7l ^M^-Br 

Ay\ ASTM-E8 A-^Hl ^ 10^ -§-^ *?Hf 711- °\%?>\*\ 

<82> 5. 2^ ^l^e) ^r£<=Hl W-^ M-&t-Mi ^^-S., HliE^^ 

^4 al^tb ^# q-Bl-vfl^o.^, ^aHI ^-g-s] oi^s^o. a^oflo^ X ] 

<83> 
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13. 2] 















W#E(MPa) 


j g3-3-5L(MPa) j 




470 TC 


i 520 r 


| 470 t J 


520 r ! 


1 j 


558 


i 536 


I 703 


654 


2 j 


543 


| 531 


| 696 


647 


3 I 


549 


1 537 


| 697 | 


648 


4 1 


554 


: 542 


j 7 °i ! 


648 


5 i 


552 


540 


I 710 ! 


655 


6 


550 


| 539 


j 709 | 


656 


7 | 


553 


| 528 


1 698 j 


648 


8 


548 


| 534 


1 701 ! 


653 


9 ! 


556 


| 539 


| 705 i 


659 


10 | 


565 


1 544 


j 713 | 


663 


11 j 


558 


| 531 


1 700 | 


651 


1 12 I 


559 


| 537 


| 702 | 


658 


13 ! 


561 


j 540 


I 705 l 


662 


14 j 


557 


| 537 


| 702 


657 




561 


j 542 


708 | 


661 


i6 ; 


558 


539 


I 709 ! 


659 


17 


569 


549 


| 712 ; 


662 


1 18 1 


572 


1 548 


| 713 | 


661 


1 19 I 


570 


1 553 


| 719 | 


668 


| 20 j 


576 


1 559 


I 722 ; 


690 | 


| Zircaloy-4 


506 


| 465 


j 682 | 


626 



<84><^*|ofl 4> H.^*]^ 

<85> 4>7l ^aHH ^^g-sq a^^£t <£°}M-7] 400 °c°\]*\ *1 

4^1 150 MPa^ £>#-g- 7>sr>^ 240^# 3.^ *]^-& wl^l^ 
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<87> [S. 3] 







VI f\-\7 CL/cor 
, <*LU w/ sec 




470 TC 


520 t: 


1 


12.5 | 


7.4 j 


1 2 


14.7 j 


9.5 


I 3 


13.8 | 


9.2 


1 4 


12.7 1 


8.7 


1 5 


12.1 | 


7.5 i 


! 6 


11.4 | 


6.4 


1 7 


13.5 j 


9.2 


L 8 


13.2 j 


8.8 


! 9 


12.6 j 


7.8 | 


i 10 


11.6 | 


6.9 


L 11 


12.7 j 


8.3 


i 12 


12.3 | 


7.9 


| 13 


11.9 


7.2 


14 


12.9 | 


7.9 


I 15 


12.2 j 


7.2 


I 16 


11.7 j 


6.7 


| 17 


6.3 j 


2.8 


i is 


5.7 


2.5 


1 I 9 


5.5 


1.7 


1 20 


! 4.9 | 


1.2 


j Zircaloy-4 


18.2 ( 


11.4 



<88> ^oj, Nb+Sn 2\ ^7>^=o] 0.35-1.0 91 ¥ *1 ^> 

Fe 0.1-0.4 Cu 0.01-0.2 ^ Cr 0.05-0.2 ^% 3. ^7>S}&# nfl 

^ iflAl^ ^ 7)7)13 37fl ^5l&4. SL*V o]s ^c])X] ^]X\^ ^ 

S^ofl *fl°H D fl-r- ^T))*) #5. 
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1] 

Nb 0.05-0.4 #^=%, Sn 0.3-0.7 f^%, Fe 0.1-0.4 Cu 0.01-0.2 
Si 80-120 ppm, 0 600-1400 ppm ^ ^ Zr ^ ^ ^ . 

[^t 1 * 2] 

*fl l^Hl &M*1, Nb+Sn ^ ^7>^=o] 0.35-1.0 <£l ^-§: ^ 

1 3^ 3] 

*11 1%H1 5a°H, Nb 0.2 Sn 0.5 Fe 0.2 Cu 0.1 #^%, Si 

100 ppm, 0 1200 ppm ^ Zr ^ 5^ ^l^S-ff 

4] 

*11 9X°]*\, Cr o] ^7\S, 0.05-0.2 ^% ^7>S)^- ^ *}±= x] 
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[3^8- 5] 

A 4*<H1 9l°]*\, Nb+Sn ^ ^7>^o] 0.35-1.0 ^ 3# ^ 

[^^J- 6] 

*fl 4*J-<H1 5tl°1-H , Nb 0.2 Sn 0.5 ft, Fe 0.3 Cr 0.15 f^ft, Cu 

0.1 f^ft, Si 100 ppm, 0 1200 ppm ^ ^ Zr ^ ^ 

[37* 7] 

#7l 7>^1 -g-*fl*H ^*Kingot)» ^lSsfe ^1(^1 1); 

^-71 £<g«3HH cjSC forging)^ #7fl(3r7ll 2); 

1015 -1075 r^l^i i8-4i^(jS-quenching)*>fe ^1(^1 3); 
600-650 TC<H]^ <i7i<a-#(hot-extrusion)^ ^1(^14); 
3 -5 3H ^ ^^(pilgering)*}- 550-640 °C<HH ^l^^s] 
(intermediate vacuum annealing)* #4 *H*Hr ^31(^1 5); ^ 

460-540 t^H ^l^^^e) (final annealing)^ #31(3:31 6)3. 7^£)fe 
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8] 

I^^S" 9] 

*fl 7%H1 Aj- 7 | ^ ^^.^^el^ 570 - 610 °C<HH 2-3 ^*l*Rr 7 A 
10] 

A 9X°]*\, A o v 7) ^I^S^ 470 - 520 °C°1H ^l*Kr 3* ^-2- 
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[5L la] 
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[£ 2a] 




[5L 2b] 
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[S. 3] 

160 



E 120 

6, 

-5 80 
O 

| 40 



300 



—•— Experimental ABoy- 1/4 70*C 
- o - Experimental Afioy-1/520'C 
— Experimental Alloy- 1 8/4 70"C 
~o~ Experimental Attoy-18/S20*C 
— ♦ - Commercial Zlrcaloy-4 






(a) 360°C water 

L : S =-! = ! s ! : 



100 



200 



E 
E 



250 
200 
150 
100 
50 
0 

t 

2400 
1600 
600 



- Experimental Altoy-1/470*C 
Experimental Attoy-1/520*C 

- Experimental Alloy- 18/4 7 0*C 

- Experimental Alloy- 18/520*0 

- Commercial Zrcatoy-4 




(b) 400°C steam 



100 



200 



- Experimental Altoy-1/470*C 

- Experimental Adoy1/520*C 

- Experimental Aitoy-18/470*C 

- Experimental Alloy- 18/520*C 

- Commercial Zlrcaloy-4 




200 300 
Time (days) 



[-£ 4] 

180 



•M0 



40 



| -e-3erfCvgter/4B0da»s"~| 




0.01 



QtfmBl Md(Q0&-Q4) 



Q1 

Cortertafhb(vjt%) 
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[51 5] 



140 




—■—36CTCv*eter7 450 days 1 
-^36CTCLiCH/450days | 


120 






100 






80 


\ | q±malSh(a^a7) | ^* 


60 


V* — i — 








— e — -% % e 


40 


— 1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 1 1 1 I— 


-i — i — i — i — i — i i — i — . i i i . 



Q1 02 Q3 Q4 (15 Q6 Q7 Q8 Q9 1.0 1.1 1.2 1.3 
ODrtertofSh(wt%) 



15L 6] 

200 1 — 



180 



r 



80 - 



40 



-36GPC water/ 



400 days I 



Optimal Nb*Sn (0.35-1.0) 



0.1 



Content of f^Sn(vwt%) 




Ctrtert cf Fei CU Q- (wt°>g 
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